Poly(DL-lactide-co-glycolide) (PLG) microparticles were developed as carriers for isoniazid and rifampin in order to improve compliance of tuberculous chemotherapy. Antitubercular drugs encapsulated in PLG polymers and injected in a single dose subcutaneously resulted in a sustained release (up to 6 weeks) of drugs in various organs of mice. Further, Mycobacterium tuberculosis H 37 Rv-infected animals given a single shot of chemotherapy in PLG microparticles exhibited a better or equivalent clearance of CFU in various organs compared to those given a daily administration of free drugs.
In the last decade, tuberculosis (TB) has reemerged as one of the leading causes of death (15) . Short-course chemotherapy forms the backbone of antitubercular chemotherapy. Firstline drugs for therapy for TB are generally effective when used properly. However, it has been suggested that one of the major reasons for the increased numbers of multidrug-resistant strains of Mycobacterium tuberculosis is inefficient therapy, probably due to lack of compliance by patients (7) . Tuberculocidal therapies that reduce the dosing schedule of the drugs should greatly increase patient compliance. In this regard, microencapsulation technology using various types of polymers could be used to deliver the required doses of the drugs for prolonged time periods by a single shot without causing any toxicity. For this purpose, various types of polymers, notably those of lactic and glycolic acids and their copolymers, such as poly(DL-lactide-co-glycolide) (PLG), have been employed as antitubercular drug delivery vehicles (6, 8) . PLG polymers, which are completely biodegradable and biocompatible (1), can be easily formulated into various types of delivery vehicles (5) and administered by various routes (3, 4) . In the present communication, we report on the use of PLG microparticles (PLG-mps) as carriers for two of the major front-line antitubercular drugs, i.e., isoniazid (INH) and rifampin (RIF), and their chemotherapeutic potential against experimental tuberculosis in a murine model. PLG-mps containing entrapped antitubercular drugs (INH and RIF) were prepared by the double-emulsification solvent evaporation procedure as described by Edwards et al. (3) with slight modifications. Different groups of 6-to 8-week-old laca mice (weight, 18 to 20 g) of either sex were injected subcutaneously with drugs (INH and RIF) encapsulated in PLG-mps and with free drugs (INH and RIF). The doses of INH and RIF were 75 and 85 mg/kg of body weight of mice, respectively. Controls consisted of mice administered empty PLG-mps and phosphate-buffered saline (PBS) or normal saline. At different time intervals, mice were sacrificed, and their organs, such as lungs, liver and spleen, were removed. Ten-percent tissue homogenates of the organs were prepared in 0.05 M PBS (pH 7.2), and levels of INH and RIF in the organs were determined by spectrofluorimetric assay (14) and by microbiological assay, respectively (13) . Results were expressed as the concentrations of drugs obtained in micrograms per milliliter of tissue homogenates.
To investigate the chemotherapeutic potential of drug-containing PLG-mps against tuberculous infections, mice were inoculated intravenously via the lateral tail vein with 1.5 ϫ 10 5 viable bacilli of M. tuberculosis H 37 Rv in a volume of 0.1 ml of 0.9% sterile NaCl solution. Fifteen days postinoculation, establishment of infection was confirmed by Ziehl-Neelsen staining of whole-tissue homogenates of lungs, liver, and spleen from three to four animals. Mice were then divided into various groups, each containing seven to nine animals. Two different doses of the drugs for chemotherapy were used in the study. INH and RIF doses of 75 and 85 mg/kg of body weight, respectively, were referred to as the "high dose" in the study, and the drugs at half the concentrations, i.e., 37.5 and 42.5 mg/kg of body weight, were referred to as the "low dose." The selected doses of the drugs were based on calculations involv- ing body weight of mice. A dose equivalent to that for a 70-kg adult human was determined for mice (12) . Mice, being fast metabolizers of drugs, would naturally be required to be administered the high doses of the drug(s). All the drug treatments were administered via the subcutaneous route. Groups 1 and 2 were administered PLG-mps containing INH and RIF at high doses. Groups 3 and 4 were administered PLG-mps containing INH and RIF at low doses. Groups 5 and 6 were administered free INH and RIF at high doses. Groups 7 and 8 were administered free INH and RIF at low doses. Groups 9 and 10 consisted of controls administered blank PLG-mps and PBS or normal saline. Drug therapy using PLG-mps was administered as a single subcutaneous dose, while free drug treatment was given daily subcutaneously for a period of 6 weeks. Statistical analysis was done using one-way analysis of variance and further by using the Student's t test to compare the free drug and PLG treatment groups.
Mice were bled on days 3 and 6 post-completion of chemotherapy. The levels of alkaline phosphatase, serum glutamate pyruvate transaminase, and total bilirubin in the plasma samples were determined by using Boehringer Mannheim (Mannheim, Germany) kits for evaluation of hepatotoxicity, if induced.
Animals were sacrificed on day 7 post-completion of therapy. The organs (lungs, liver, and spleen) were homogenized and cultured on plates containing modified Youman's medium supplemented with 1% bovine serum albumin for enumeration of CFU. After 3 to 4 weeks, colonies were counted and CFU were determined as described earlier (11) .
The results of this study are presented in Table 1 , which shows the concentrations of drugs (INH and RIF) obtained in various organs of mice after administration of free drugs and drugs encapsulated in PLG-mps. A sustained release of both INH and RIF was obtained in the lungs, liver, and spleen at different time intervals ranging from day 3 post-administration of high-dose PLG-mps to day 42. Administration of free drugs showed drug concentrations in various organs up to the first day only, and later release was not seen in any tissues. The data presented here are for only two time points. Drug concentrations obtained were much higher than the MICs of the drugs. Figure 1a shows the log CFU obtained in the lungs of mice after high-and low-dose chemotherapy of infected animals with INH and RIF. Treatment in all the groups resulted in a significant (P Ͻ 0.001) clearance of bacilli compared to the controls. Daily high-dose treatment with free drugs resulted in a significantly better clearance of bacilli in INH (P Ͻ 0.01) and RIF (P Ͻ 0.001) groups compared to single-dose PLG-INH and PLG-RIF treatment, respectively. Low-dose treatment with PLG resulted in a significantly better clearance of PLG-INH (P Ͻ 0.001), by 2.45-fold, and PLG-RIF (P Ͻ 0.001), by 3.32-fold, compared to daily free INH and RIF treatment, respectively. Figure 1b shows the log CFU obtained in the livers of mice after high-dose and low-dose chemotherapy of infected animals with INH and RIF. Treatment in all the groups resulted in a significant (P Ͻ 0.001) clearance of bacilli compared to the controls. High-dose PLG-INH treatment showed a significant (P Ͻ 0.001) reduction in the number of CFU by 3.01 log units compared to the controls and showed a significantly (P Ͻ 0.001) better clearance of bacilli, by 5.02-fold, compared to daily free INH treatment. The clearance of bacilli observed for high-dose PLG-RIF treatment was comparable to that for free RIF treatment. One dose of PLG-INH and PLG-RIF treatment in the low-dose group in the liver showed a clearance of bacilli equivalent to that of the free drugs. Figure 1c shows the log CFU obtained in the spleens of mice after high-dose and low-dose chemotherapy of infected animals with INH and RIF. Treatment in all the groups resulted in a significant (P Ͻ 0.001) clearance of bacilli compared to the controls. High-dose INH treatment showed equivalent clearances of bacilli in PLG-INH and free INH treatment groups. However, high-dose PLG-RIF treatment resulted in a significantly (P Ͻ 0.01) better clearance of bacilli, by 1.97-fold, than free RIF treatment. In the low-dose group, PLG-INH treatment showed a significantly (P Ͻ 0.001) better clearance of CFU, by 9.4-fold, than free INH treatment. The clearance obtained with low-dose RIF treatment was equivalent in the PLG-RIF and free RIF groups.
In addition, hepatotoxicity studies revealed that there was no change in the levels of alkaline phosphatase, serum glutamate pyruvate transaminase, and total bilirubin compared to those for the controls after the completion of chemotherapy.
These results suggest that these formulations do not induce any hepatotoxicity on a biochemical basis.
The results of this study reveal that by using microsphere technology, it is possible to effectively treat an M. tuberculosis infection in a murine model. It was demonstrated that a single injection of drugs encapsulated in PLG-mps could significantly reduce the number of CFU in various organs up to 6 weeks of treatment in mice compared to results with a daily subcutaneous dose of free drugs. Daily subcutaneous doses of the free drugs were used in order to accomplish significant reductions in CFU similar to those seen with PLG treatment.
Previous studies using implants in both mice (6) and rabbits (9) have shown the effectiveness of microsphere technology as sustained-release carriers of anti-TB drugs, but they had limitations in terms of surgical insertions of implants and tedious preparation methods. Encouraging reports have also shown this technology to be effective both ex vivo in macrophages (2) and in vivo studies with mice (12) , but a reduction in CFU was observed only up to 26 days postinfection. In this report, we have shown for the first time that PLG can function as an effective sustained release carrier of antitubercular drug(s) up to 6 weeks in all target organs of mice. In addition, the CFU data correlate with results of the drug release studies, indicating that the drug was effective in significant reduction of CFU from the organs.
In brief, this study suggests that a daily drug dose could be effectively replaced with one-shot chemotherapy using PLG polymers without inducing any hepatotoxicity. This technology would improve patients' compliance, the lack of which is the major reason for the development of multidrug-resistant strains of mycobacteria.
